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Tb« lnflv«n«« of sh^ar d«fora«ti«a mi th* bshavlor
of % sandvittKiji^ alrermfi siruotiiral pan«l vndtr loft4 kia*
b««n tr«ato4 at lan^ih aaalytloally and •xpariaanially, Kov-
•T«r» as far aa ia lm#«i» axpariaantation la aai aaaplata ia
attaapiing ia aaivally aaaaara Um aliaaring ttraaaaa oaiaalng
iMa dafoniatlMi.
A praMaa of iiiiaraai» aa polniad out by an^naara
•f OliMiM Va«sli% Aircraft, vovld ba a atudy of tha diatribvh*
ilan of thaaa ahaariag atraacaa in tha eora of a aanAvlali
^lata« auab aa ^iallta. Mora apaaiflaallj, iha projaat tha
vriior had la alai at tha bagiaaiac of ihia aortc »aa to 4atar*
alaa tha diatrtbaiioii of tranavaraa ahaar atraaaaa along tha
Wui4arlaa af a alaply aapportod raaiaagalar Motallta paaal
aubjootad to a aniforaly diairibatad aaraal laad«
Flratf howoTart it aaa naaaaaary to fiad aa adaqiiata
taatiag aathad for aoaaariBg thaaa atraaaaa. DavaXoping apaa
a aai^a idaa auggaatad by Pret. J. A. «fiaa» UaiTaroity of
Miaaoaata* aiiah a aathad far axpariaan tally dataraiaiag tha
aatual ahaaring atraaaoa oaaurriag in tha aora aaa attaaptod.
Tiao aaoaaaiag diffiavltiaa ariaiag ia tha parfaot*
lag of thia taatiag prata<ar» provaaiad tha vritar froa
appiyiag it to hia origiaally ahoaaa problaa aaotianad abava*
nmr9wr9 tha aathad «aa taatad aa a alraalar paaol aad partial
aueaaaa wao raaliaad, tha raoulta abtainad and tha taatiag
aathad aa davalopad baiag praaantad horain.
*^Ciiv^fti,d &--l:J rtc '1^t^.
i^'i,. JL ISi^tkinii jtlW-ijUafi m9 # to










Tb« «rli«r wlsbvs to ••lcBo«l«d£« tb« iMi«rl*l alA
Oajion, as «•!! *• othart, of OIUMMa TMiilii Alrorafi, d«11a««
T«x«s. Appr#ol«iion is also •xtandad ^ih ia Prof. J. A. ii»«,
thaslt adTltar, for his suggaailons and guidax^e* in ih« pra{>»
aratiaa af Uiia pap«r» and ia t« B. Jabnasn for taia aasiaianaa
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'OA9 UMSia pr«ft«nts Ui« results of ah inT«fttlAAti«i
iitore «n attMi^t mmi Mi4to to lndir«eily •««yr« transT«r««
•HMtf* •ir*ft««s in Um )>*1«« oor« of a >^t«lii* (•«ndfri«lH>typ«)
plat* by u*« of * •la^Io wlro olooiri^al strain gaga paaaad
tbravgii tba thiaknaaa of ttia aora at 45*. Canditiaaa vara
liaitad to a aiaplj Mippartad alraaiar panal aubjaatad to a
miilfenKly diatribiitad normal load*
Althaa^ \hm taat aaUtad far ahaar atraaa davalopad
harain »aa anly i^artialljr aa«a»«afiil» tli« raaalta indiaata
tkat it say ba a faaaibia oiia but fvrtbar iavaatlgatian la
naaaaaary to avbatantiata tba raavlta obtainad bara and to !«•
Iprava apao tba taabai^ua aaad*
•attaldaration iraa alaa glvan ta tba daflaoiioa cart*
of tba panal artdar load and ta tba raaal ting planar atraaaaa
in tba faaaa of aaftdwiab piata* Ont to friation aanditiana
aziati&c bataaao tba sMppart and tba plata. tba daairad aiapla
Bfpart aaa not fally raalisad. Uawavar, taat daflaotiona
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TM probl«» im4»r aoatldsratlon In this tb«sl«
•itts Mainly of %hm d»vl»p«mi 9t «a •xp«rla«AiAl i«stlai
••tko^ for s««mirlat th« trMisT«r»« •hoarlng atrossos ^m^urr-^
lac in ^^ balaa aara at tha alraiMfaraaiial baantfary of a
Vatallia Mnd«lali*iypa eiroular i>lata* TlM pa»al aao alaplj
aafpariad aa4 aaa aubjaetad to a unlfam aaraal load*
A aaaaDd and aubaafaant iaaaa la tba aaaaiiraaaat mt
thaaa baMi^ary ttraaaaa« by tbla taatlAik aatbad* and thalr
aaajMriaaa vlth aaalytlaal pradiattana. nlao of aiaar aottoam,
bat atlll a aattar of lntaraat» ara tha dafloatlon aanraa af
tha atatalita paaal darlag tha taat aad tha atraaoaa oaaarrlAg
in tha alualaaa faaaa*
eaaaldarabla analytiaal atady, (raf. 1, IAS), baa
baas wtda af abaar daforaation, tba raaalt of ahaar atraaa la
tho aara of oaadatgih Batarial» and aasa axparlaaatal work baa
baaa aaaaapliabad (raf, 4 aad »>. Kavafar* tba jltlrlfcilia
af ahaarlng 9Xr99—m in tba oora has nat baaa aaaplataly r^^
aalrad. Manaa thla axp'^rlaaatal af»pra««b to tha prablaa
aaaaad aarrantad.
Caaa tba pf—^rm far aaaaariBt tba daairad
atraaaoft, aa aaplalnad balaa aadar ft^tpaaat aad Praotdara*
bAd baaa aatabllabad» rapaatad noraal laadtAg taata in 1/4
pai* laaraaaota wt^ aada fraa ta 1-1/4 pal* •• a SO iaab
R»*•,;»«»?, ifc*




dia««t«r M«t«lii« elreylAT p«a«l siaplj supp^rtAd. ^xir*««
•ars la «iA»t» *<l4visi««Ait wrm npX ftt nil ii«*a •x«rel»«4
fiiMr« •oaoam^d viUk ill* «iaor !••!«>••, ih« •ffori b*lAg pl«««d
•n an aiiaa^i to JUOKOL ^^* ««ilio« af t«st rather ikan obiaixi
•tailsiiaal r»«ulta«
Tba MA^viah ywMl wsad la ilia iBvacUAaiion was
Katallia, praAtaM ^y CduMaa tTaachi Airaraft af IDallaa, Taxaa.
Typiaal at aaat aan#»l^ plaiaa li liaa Uia taa Uiia lilfl^
atrangih oatar faaaa (alaaiaaa allay In ihlt aaaa) baadaA io»
•ad aaparatad %jt a ralaiivaljr thiakt la«»danalt/» lav-
atlffnaaa —r* (end graia balaa)* Tba falloaiag aaaaaptions
ara aada far iba aaadaleh plaia aaoaldarad;
(1) faaa parallal atraaaaa la Um —r% aaj ba
aaslaaiad ao thai all planar 9trm9m9u ara aarrlad by tha
faaaa*
(e) Tha fa««a jcf ^^v*/ ^>^^ ^ aaajK^rlaan with UM
aara*
(3) fha aautral axla llaa tm Um alddla aurXaaa af
iha aara*
(4) Shaar atraaaa* and sbaar dafemail aa la planaa
pari^aadiaalar ia iba paaal aay ba aaglaoiad la iba faalaga
baaaaaa af ibalr ralailv«ly blgb shaar aadall. (Laiar iaats,
afiar rallabllliy of ibla aaibad baa baao parfaaiad, aay
wlkmt ibai iba faaaa aay aarry pari of iha iranavaroo ahaar>«
(5) Traaafaraa abaar faraaa ara aarrlad anly by
ibo oera (tbla» iaa, aay ba dlaprovad laiar; aad ibaaa ohaar
I O.T'5'Iiv' ^ „
«3®«fL-2"f J".*, -f.'-.
9 ft r/
1i foa- Pv'-' i'
, s. * ^»w / r.
foroes ar« distributed «nlfonily aeroas tfa« thlokn««« of tb«
eora.
Consid«rlag » point on tho noutral axis of tho oross
•oetion of tk9 MmAiieli »«t«rial uid applying tha eonditi^ia
prsnalling tiiara to a t^onrM oircla of atraaa, ii. is sss& U:.at
ths absarinc atraaa prsssat Is sqiisl assarlsallj to tlis t«s
prlasipal straaaas sad that Ihtt ^lAsipa^l atraaaaa ara at a
4S* tOkglm to tim plma^ of ths fists. If ths strain of this
priASipal strsss ssn bs ssssttf^d ss it sosiirs In ths sora,
than its strsss ssa bs istsrsiasd mm4 will bs s^iisl to ths
flhssring strsss at ths aa«tral axis, riarthsr, froa assaap*
tlsB <i)» this shsaring strsss sill bs sonstaat asross ths
eross ssstlsn of ths plats at that psiat.
Tha Kshra sirolaa of strain and strsss asntioasd
absTS osn bs sbosn as fsiIowa:
fIHi'M ^«.'>1 «wo^
Hahra CSirsls of strain tltf** Cirals sf Strsss
Froa Thssrjr sf ^lastisitj:
( ^aax */A eain) 1^. 1

















i«ai«4 as luaigtattw, ftfi|yr*firi«i« »!«•• of a saAyU •! ^
•k^MB* Thm pr«bI«B then it t« lastiilX «n «4l*^i>«t# strftla
gac* radially at a 49^ aiifla ibronili tlia thiaimaaa af ite
Matallia plata ai iha paiai tha •iraaa la daairad ia M imuk4*
fliaaa cm** ^^ra plaaad aa naar iha air«uifara&iial
W«mdary aa poaaltola ao %hm% a atrtiw raadlng aaald M a^
talnad. a aaapariaeii aasld tban ba aada io iba laaAiag
a^atloa far ahaar* i«a. i
T . i^ TTr^ «^. 4
8 TTr i^
vMra
p • naraal laad, psi.
r • ra4i«»» la.
i« • eora thlakaaaat
in.
flka ihaary inTolviaf Um ainar itauaa, i.a. , Uia









•Oi 4U iflb^'-'i - "Ti




tliis iiiv««ti«^«tiaii «•• oarrl««l mii daring tb«
MiNMl jr^ar of 1949-1949 At tlM University of llianoooitt, vador
ite Miporirioion of Prof. J. a. %ioo, thooio advioor.

fSatSM MMfWOIT iOlO
fk» tetallt* dlr«ttl*r pan^I i«tt«d itAt « |;redu«i of
•bAr*et*ri ail ••
i
(1) SlM • OlMMUr. 50 la.
0«t«ld« Avvratt Ua«kD«s«, 0.26 Id.
(•) C«r# • iod grmia bals*. i>#Bsitj, 9 lb. pr
««• ft. 4i
-0
TMtlOMS* tff ••r«t 0.23 in.
fS> fi—> 0.0X£ in. 756«r« alftlad, cr^in of
opl>o«ii« fAo«» imraXltl.
(4) iidh«fiive - Hftdux,
tlM pl»v« r.ad «s£ inivi*! dc—d •t^rTatiir* of 1/C inoli
at Ui« ••ni«r«
TiM t««iin£ Appttr&iita is sbftwa in fig* 1. a iv*
ia«ii %Mlek» forty»t«o in«h diMMii«r direular flat ttaal pi*t«
was u««d as a baaa. To tkis ^ss was ssaarsd a support ring
•ado of OBO inoh alimiaiMi stasis vbioh Ika4l ¥oon hmt% oa a aotal
shriakor to tbo ohapo of a l4->6/S in* radius ring. Ths top of
this saglo vas boadod (2/16 in. dia.) allowing ainissHi oontaot
aroa ^tooon %hm oopport sAd toot plato. floaling patty tsao
aood ootoido tbo boad to assurs airtiglitaooo.
•y Boaoo of as aapirator, oporatiag off froa oa air
prooouro lino, air oao oitlidraaa froa tiM aroa bonoath tbo
tost panol tluroagli a oaall hoio drillod throygli tbo bass
plats. A soooad booo lino froa tbio baao plato opoaiag lod
to a aoroorj aaaoaotor, obiob aas epon to tbo ataoopbors. 3>
ir'ifny:.Tu':n-\ -.vtc ^\
TH t'^tS^&i^ £' sdr fc^'#ifi', : t , . < *'










• of a a«aii«bi< soal* Um plat* X»«A1ai ooeld b« iiraailj
ol>s«rTad at iba auuiosatar*
Fiw Ammm dial daflaailM <ftc«a «•!*• pia««d radially
aa alM«i In Flea. 1 and 3, lald«ln roaaiia airain fa^a vara
pla«ad an tba Wp and l««ar fa#aa aa aHom In fig, 3. &tall
iMlaa vara drlllad Uiraai^ ika varilaal wab af angla avppart
%• aarry ««t U>a «lra laada fraa tha. undar alda aVralo gaga a*
Tha apaalal alogla vlra airaln ca«aa ii— Appandlx
B), aat radially at a 4i^ angla through tha ••r^t wr% plaaad
ia p^ra arawmi tha alrau^Hfaranaa af tha taat plata aa ahawa
la Fig. 2* Thaaa gagaa had baaa inatallad hy flrat drilling
• 4f* hala thravgh tha thlaknaaa ^t tha paaal with a i^^70
(O.Ota U. dia.> drill. A aM and ana-half to taa iaah la^tli
af tha in« »il ga4|9 vira (fumiahad hy i^aldtwla 9Q«th«ark;, »»a
thraadad thrvagh tha hala. ikaiAiag glaa aaa iatroauaad lata
tha hala hy mmrnnm af a IMO hypadaraia aaadla aad ayriaga,
graat eara balai, axaralaad aa tha naadla «aa aavad ap aad daaa
aiaag tha «lra la tha hala. a aaail aaaaat af taaaiaa aaa
hapt aa tha wira daring tha drytag praaaaa ta pravaat hiaha
aad waTinaaa. *haa dry» tha aaaaat aata aa an iaaalatar far
tha ^Aga vira aa it paaaaa tha alaalwa faaaa. Tha axpaaad
axtaraal aada af tha »lra arara thaa aaldcrad to tha "K^-aaa
laad airaa.
Uaa aaa aada 9t tha atandard UU4 SalAaia *K«-Box,
tha atralna balag raad dlraatly In alara-^iaahaa pT iaah. A
Oaga faator af t.OO aaa aaad far tha aiagla vira atrala gagaa









*«!' #© . '
•ia«« Xhmir a«^{• raptor of l.SX •ouXd not b« ain—adafd «
tht *K*-B«x. (Am KacttiVs aa« MsMissiefi for Oa#» ra«ior
••rr««iion »«Uied).
ftino* il}«ft« ain^Xa «ir« cafiaa, InoXuding Um temy
#M(»« X«tfw4 •ittM«rdlsaU«B la ras^ot to Xaacih aaA oluM
roalsUiiM, UMy •asXd aoi alX ^ baXMiaad »iib ih« Auuijr saf«
«B ih* *I**B«x. Th«ir r«sisi«Re*» variad froa ac.S oImm ta a
axl7.ua of !!>7«4 ahaa for Vhm dammj gafa. By pXaaXae a aXlda
vira ^i«B%i«Mitar In paraXXaX with iha dHHij 0M* ^^* raaiat*
afio* aaiiXd hm m% 4awi to aaiaii ilM diHara and iha *X*-B«x
•ml4 ba teXMiaM*
TlM iaaiiac praaadwra vaa atandard for obtalaing tJM
raaaita and Aaaa diaX raadiaga. cna qaartar pal. Xoadlag 1a«
araaaaia «p W mm aad aaa« yiartar pal wart uaad. All gagaa
aaraad to tbalr arlgiaaX aaitiasa ai tha aad af Uaa iaata*
thm aaa» Xoada wr^ uaad for tba aXagXa aim ga^a*
tat iba Xaad aaa raXaaaad aftar aaah raa41ag, iha saro aaiilAg
ate«ka4U a Xaadiag —^m^^m aaa aarrlad UuraaiH aoafXaiaXjr
viili oaa ttk^^ bafora aoTlaf ia Um aaai aaa, iharaby avaldlog
rapaaWA haatiag and aaoXiag pt ilia pataatlaaotar aolXa.
UailX ihla petaaiiaaatar liaaaaa tharaagbXy haatad, iba raaaXV->
lag alMAga ia roalaiaaaa aaa wry natleaabXa aa a aaoilnaaX
mr^mf ^t iha aaadla aaraaa iha airala aaaXa. Ia gtaaraX» raaa
wara noi aiariad anXaaa iha eraajp bad drappad io laaa ibaa
iaa alaro*iaabaa fmr aiania vlib adjaaiaaaia balng aada vban









- i. V :: I
m
n«e*ssAr7 for advaiae* of tbo soro soitiai^
8lM tm ilM aatvrtt of Um iavootleatloii, ropoatad
rmnm iroro »a4« «i •••Ii sUmJlo «lro strain c*€**

10
tin— tb» Miia •bj««tlv« of ilUs pr«J««i wui i# |r«r»
f*«i mkd pr^n this Mibo4 •! UstiA«» gr^Ai •»»• «*• takM la
•btalnlag tti« •ir«ia rtt«4iiic« (TaU*s 1 UtroQgli f> of %hm
•Istl* «ir« <*!••• fi««b r«a4iag «m« i«lB«a indiTlAftAliy, thai
is, %hm mlr load mo r«Io««o4 oftor Mtolk madiiMt «id Uio aoro
••iiiac of iiM 'K^^Boz tthoakod, napoaiod nuia vara aaAa ia
daianaiaa if thara waa any ali^paia ar araap in iha cafa iW
aalf. Gaca jj^€a» ta^la 4* aajr bava baa« a aaaa irtiara alippa#a
aaawrrad Vaitraan iha firai Wa mna am^ ika laat four, tw
af tlM <ataa» It afti i^it» vara Vrakaa aaaidactally bafara rm^
faaia4 nuui aaiil4 ba aAda.
Tlia iMiai avaraga vaa aalafaiatad for aaah aat af ruaa
tm4 aaa ploiiad wiUi aXl painta taiaf^ alM«tt (fig* 4 ihraagfc
9>» sinaa Um Oa^t raaior, 1«S1, af Ilia aiAgla aira gaiiia«
(•aa App«NEU i»> , aa«14 not oa aooowiiitad a» llM ^^^Ui^Mt
«a arbitrary Uaga Faatar of 8.00 aaa uaad. fba baat ataraga
rana vara than aorreet«d to tha fliaga Paator of l.Sl aa fol-
loaa;
a e
'{^^rr%%fd} * (aa raad) ft^flf
fiaai aarraatad valaaa ara piattad far
partMB ia rig. 10. It will ba aotad tlMi tagaa #4 aa« l«A
afcaw iba oioaaat aaablanaa af dapliaatiaa. It la aaaaiwA
i]Ma, far laak af battar data, that thair a^raga at 1.1/4
pal, of 190 aiara^iaahaa par laali ia a banaflda ralaa. Tbaa
m•il# t« H? Jl^ ='if^
.
>' f t V.i4?>. ?« If", I'l ,-»..Vv"i...^ !r,M...+
«# 'i^ft# **s#ii? «afin ,-
i« #«• mis* 'wJ t
li§0S"iif.f £ ..fTI ^««««|» ^nl'^.i ri^mA''







bj «•• of S^. 3 ftbOT*, «i pA|i« 4, ih« shsarlni sir* mi mma b«
thm valii* of K for uoo lioro ««• solooio^ «• SftO»000
p«l» ond/iAS 0.5ft (rof. 5 on^ 6>. laoortiai^ Omm aaA ^mk
of 190 In Irq. 5 tiv*«:
For
—
yuri—ftt i^* 4« ptt#o 4, civoos
r a jyt . I.IS « 14.—^
»% t X ••$
Tlio oirooo valuo oalciilAioA froa tbo oxporiaosiol
r««ilift $lbmlA bo #onoidoro4 with MiiUon aoo i« Uio ihroo
vorioblos involvod In iio oo«f«i*iion| n—oly, ^^muii &i oad
M* ' Mijr VA^y fro* 10,000 pmi iOft^OfiUolly to 490»00Q j^ol.
jMrmllol io ibo vo«d groio* Likooioo, Uio oix voluoo of
foioooa*o Itoilo for boloo vory fro« 0*009 to O.ftft* AopondiRg
«fOA %b» ploBO of tho otrooooo untor ooaoldorotion. 4 4if-
tmrmkX m^— of S oovld Iioto vorlod tbo rooult •oaolAormblj*
MoAoo boforo tbio tootiac aotbo^lt oaoo porfootod, oovld bo of
v«liio, A Aoro rifr— dotoralnatloa of tho oborooioriotioo,
X am4ju , mot bo ——
p
ll ab^i,
AltlM«i!b tbo ^Bsji vood otooTO v*o opproxlaotoly tbo
lorfoot obtoiaod, ihoro io no ladlootloB tbot it io * trvo
ii
W4 0*» «••<«#•












.,( v »/• f w -
i ':: ' 'i^ijiJj!^'4i^h n.
1 ««ini«t
<tJL
-i, -^ if ,- • '
18
A« •Ml b« —mn •» Fig, 10, v«rjr lliilt dnpliMitioa
•f r««dlfi«s ^t»*«n oorr«»poading ca^a «*• «iUila*4« for
inslAnos, Xh%r^ 1« ooasld^ra^o •pr**4 ng Um v«1««s of
iko tonoloA gagoot olUi o oiill grooior difforoftoo foMid Tor
tiM ooaprooaloB gogoo* f^rihor* it mm ojcpootod Ui«t tho
•••proooioft-iosoiott aotoo (l.o., il 4 t» #t 4 #4, oto.) would
te MMMrlftolXy o^Al tot of opfoolio sign. 9m§/^9 il uid a'S
Md #SA Md id SkOV OOSO •^•Alll^ M MiOO tlli Ott ilM OUMT
lM»d llMJ do BOi ^10«**diM«k« i.O*, #1 OBd #9» 0«d |8 Ottd f4*
•««• #ld*« pooliioB ooiild bo oirongihonod if tho
•trmlght liBO oorro of #1 oBd til ooro oxvoBdod to orooo tho
voriiool oxio oftd Umhi iko Upo onriroo novod pooiilvoly oad
p«rollol«>to ikoir proooat pooiiioa «iitil ihoy ««ro sorood on
Um orlgia* Horo oaoia^ ilM«gii» ISA dooo ao% o^roo oloooXjr
Oiill OBJ of tiM BOi^lH-OSOiOB gOgOO OO OXpOOiod.
fkroo footoro iboi aoy lutvo offooiod tbooo roouito
lid kot
(1) tkm iBliioi oarToiuro of tho ploto.
(•) Tko foot thot oiaplo Bopport «oo not ooBplotol/
rooliood. dBO to friotion kotwoon tho 1 vor ooboI fooo
OBd tho dspportf Uiorokj orooiJiBg o longitBmMd foroo
iB ttoo lovor fooo*
U) Tho foot thot prooloo XoodiBg bbo lloitod hj tho ooo
•f o Borovry BonoBOtor*
Oooplto tho foot thot ooBpl«io ottooooo of tho
BOthod woo not roolisod, it voo OBOOBrogiag to flaolly got
tho oorroot oBd dofinito iBdiootiono of toooioB OBd oopooiol-
ly ooaproooien. It Is bolioTOd that thio BOthod of toot
£1










V' V 1 ;-> : V
«rj»]tf
*f-'j!' 1» Mi|K»i!»S«B '»g^i,Skii^' 4.
13
•till ta*« p^MiMllU** f»r furUi^r 1av»«UsaU«a. Thm &!£
Alffimlij is •9mmwn94L viili sbUUtaft • r«ll«Al« bon4 b*iw««D
Um «•!-• aaWrial and tba •••|»l«t« lantth of iha vlra g«c««
flM Mly gl«« triad «aa OM^wit CaiMnt i^^SMt* •r€ia«rllj «aad
viib ilM •alAvin aXa«tri«al atrala SNiaa* It ia baXiavad that
9m99 %Mm glua bad drla4 ttet Um bMi« Hat—a» tlMi vira a»d
tba balaa aaa a pmrmmk9n% ana (asaai^t far tba poaaibility of
4%A) aiaaa iba aaaa raaulta wr% abtaiaabla an rapaaua nma«
Wmw&wr^ alMtter tha alMla §0^ «aa isaladad ia Uiia baa^ ia
•at dafieita.
Cl»thar iapravaaafita 90>ul4^ oa aaoa witbaat taa traat
Aiffiaalty bjr oarraatinc tba thraa faatara aaatiaaad t«a
l»«racra{»ha abava* Alaa it ia aai^aatad tbat tha cacaa ba
avad rftiially iMMrd froa taa aaiipari* It mmg aa that atraaa
ilratioaa fraa tha amtaat araa af tha vnpyart aara tha
far failara af tha atraln af tha aatad alraa ta aai»»
ai4a« Tha writar uaad a alaanft«a fraa tha «iyi»art ta tha
vira apaaiag on tha faaa af It tha Uiialoiaaa af tha ^lata.
A aiaa Tb «rillad haia (O.OCl i««) in tha mf, far
thraadiM tha aiacla vira naga, aajr giva aiaqaata giaiag raaa
Mid Mha a mtmgmr fit far tha aira. Xhd im (.OUb ia)
drill ariciaallj aaad did aat allaa far aaipla paaaaga af tha
ftlaa ahila tha ITO (.09$ ia.) drill fiaally aaad aay hava
ba«a taa larsa.
Oaa fiaal iapraaaaaat vaald bd ta aaka aartair that
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MtoorsAl %«i»i«« rtiiAUis will r^mlt «• %hm klnlctt mUI ftia^lr
2I» i^fltdtioa and Fa«« Str«««*s
(T«M« in Mi« ric* IS) i»i««ri r«ii»M*. Munrrii , tm
•^fttarWr p«ttni I>«dlRe tw rt—»i» ftr« mmt pr*«i«« vaIv^s
tlMy «•» •iiq[iMii« for pmrf—m •t Uii« %•«!•
mnm tb» d»v«l«pMttt «f ui* 4»ri*«u«A •^••Umi in
AffMUttx A. li x% wm thai Um aMlUoMa dafUotlM «• U
•b^ar tefomatlMi !• pr««ti«ally tt«cliclbX« itt in* tbUi pMMl
¥•• ih»er«tie*i. d«fl«etloA «inr«» (•ff««t dB« to
»»>r <t«forMAtloa not inoltidod) mrm plott«4 mi Fl(» 13 viili
ilM t««t d«fl««tiQgi onrros* VFhllo fairly elos« agr««««ni is
found for ill* 1/4 poi ourTo. o largo dlfforoaoo !• ooilood for
Um 1-1/4 p«l loadlJii; ourvo. It is boliOYod that ihio dlaorop^
Ray la daa alaaat OAtiraly to tl»a Mippari frlation faatar aas*
tifi d as pttga It* Aa Inaroaaa la normal load would inaroaao
tha offoot of tho lamgiUidUal load tad ilM plata dofloatioa
would toad ta ^ laaa* Tha atraiaa aa ohtaiaad fraa tha
raaottoa vara aaavortod to priaaipal atroaooa by ^9m af taf •
7
(Sao Tahloa fll, Till, and IX, and Flea. 11 aad It). Tha
r^aAlAga aad raaalta aro hallovod ta ha ataaraia aad raliahla.
^'tf^f!^,- '•:. ^ ^^^m&v v,..„t,-.jt,-., i&«>Al<i|r«.»''•*,.
4 ,.,t« ^ :>v ,' ..>.. ,» .,
mi4
1%
(i) TIlis tingl* vir« cmc* •U»4 of tm9% tw
Mirksldll^. K«««v«r, iU vmlidiiy Md reliability •m
%i«W4 by nirilMr iav^^UgftUm.
(t) T«st« ar« ml— tk—m^^ to «»t«bli«li SBiV*
ftbl« •or* «!«•• tf il •»#/>( i9 %• ii9»d ia mm^mmXlmk
miXh ihia U«i pr*«»*ir«»
iAlly •£r«oi«4 wyi bgr ilM critiMl i«li»rMii wrvftWr»
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APPENDIX A
THEORY OF FkQy. STRESSES & DEFLECTION
lo Face Stresses
From tlie t.heorv of elasticity, the pnuations f ' r stresses in the croas-
section of a rectangular plate are:
«"*-- -^ [ill f . il/l
X = deflection.
gr 5j vertical distance from
neutral axis to stress point.




Applying the LaGrange equation for the deflection,^, and a loading,




N = flexural stif
f
nass .




Applying boundary conditions to Rq. fS
,
when r = R, (Tj- = -
Applying boundary conditions to Eq. Aii,
when r = R, J = 0,
Eq. A6
C^ tJ^ ^ £^-^ Eq. A7
^ y A/ I t/i
Thus for outer fibre, top face, Eq. a5 becomes,
(See Fig. 2 for symbols)
Applying Eq. A9 to the plate teeted, where.
d7 r ?^.yj^^rV/?';
^^_^^
(1) Sftide, Paul and Stowell, E.Z.; Elastic and Flastio nuckling of
Simply Supported Metalite




Taking the point of rosettes #2 and #3, where the radius is 7.3125
inches and using a loading of 0,2^ poi..
This shows fair agreement -with test results of Tables VIII and IX,
pag« 33 and 3U> where values are,
At 0.50 psi. load, calculated gives,
while test shows.
At 0.75 psi.. Calculated shows,
^^ - ?s^ 30 ±,%,
,
while tests gave,
^r ^ ^ ^^^
As can be seen the descrepency between the test results und th«
analytical results is getting larger with increased load due to the
failure to achieve a simple support. The effects of the inherent





To obtain the d<^flection equation (no shr>ar deformation) apply




Applying the constant test plate values to ^q . All, the following
deflection equation is obtained,
f'- 0.00000 2U1 ffi^"- /o')or-t Imooj ,^.^5
or at the center.
Considering deflections due to shear as found in reference 9, page
11a3, but using a constant cross-section value instead of a parabolic curve,
the shear deflection is.
Using a shear modulus for Metalite of this core and face of
G av29,OCOpsi. from reference 5, Fig. U.Ol, at the center ^q. Alii gives,
Total center deflection will be.
/- (0,690 t COOC,")^) ±
Or, in the case of the th"n panel tested, the deflection due to
shear is only 0.p8^ of the total, or .lust If'ss than one percent.
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Neglecting this negligible shear deflection and considering Eq. All
alone, the following values for S are found for the 0.25 pai'* the 1.00






3.75 0.158*^ 0.635 0.79ii
6.3125 C.1337 0.535 0.0o9
10.OC C.0813 0.325 0.U06

2X
iac t« p«rf««t tto« iastallailoii •f %h« •Inclt vim •iraia
CftC« fer »•• in this i««tiAS •ih»4« TIm cr#«i««i of th9—
v«* #bi«iniii|; a •Mipl«i« cad reliable b«R4 b«iMMo ill* vim
AAd Um «•!« aftiarial.
Am mrU«m4 U Um b*4^ of iHia i*«p«ri, a O.OIM
iMft liftia vaa first triad aa a —iait llirtauli tka aara far
Um fa^a. ««ftar tiM ga#a vira aaa ttaraa^ad thrawjH Uk« lMla»
ftlaa vaa piaaad %w^ Uia aj—tm# an aMrti faas af tlM fa«al.
Tlia vira «*a tlMi aiawlj 4^aMi teak aM forth tbrnjH tua
aara am tiMit tfc« glaa aoiiid ba aarria4 in UpsmIi tUb la«ctli
•f tlM aaaiBit. h^m^ifr, iwiiiat Wata ia^aaiatf tlMt i»>
aaffiaiMit giaa vaa raaabUig %km iatarior* aiaaa all §•#••
9llpp94 wi%h %km first loa4la§,
J« attaoi^t vaa aalte ta varrvat Uiim ^ffiaalty by
b—tiaj tba iaca vira vbiafe in tarn vavid baat an4 Immmrn
tba elva into battor diairibbiijo. Raating vaa ail»»%< bj
faaatnc mrrmit tftraai^ blM vtro* wit it ttd nab frava at
all praotiaal, tba vira cat»» baiag ^— Aoiiaata. Saationt
ia 4rav th« ciua ibrvttch tba aarv. vaa tbac triod an tlib
•••Ub tebb baxa. In ttda mmmrn^ tba ^iaib»driia< ftob
naaid abart bar4inia« aa aoan aa it raaabad tba appaaita





'"' '•--'**'- ''' B*^ fgi.rtVKr'-^.i k--'S!.iS l^dr^mi 9:JILI 3i*JL^ W2J
4* iNi«i^ #Mi »fl^ i i^K^iJ^ 4«m«» a«iM««
WW «* ?*•*>...* «|^^ ,,,.„ ^,
25
»i»l>g, A ^mtrnm ^ a l«rc«r hmU, O.dM ia«li, ••rr««U4
tlU« UrMi^«« tat •till not i^wgh %t tk« sIim «a« taiat
4Ufttrite.t«tf ia«i4* for •^timtmrnlmrj b«o«iat fttrf«««s«
flM aost 9mtXwim%tmrj glitiag Mtb^A tri»4 mi4 tlM
«M tk« final r««tlt« wv •btAisM fros, ihm t« Mir^cgr •
liff# •••Alft to iiitr»ai«« %hm slifto lAU tM fftis lMl«» ••
«iii«M4i ••rlior lA tiM roport. rositivo romlto voro ab*
t«iA#4 la all •*•••» altlM«gli «*ry •••k ift •••• lA«t4Mitt«««
A r«*il«ta( •f tIMiM MfMc ona* i<ioiN>t mtflt^d i»prowit,
%km *1« b«nd b«i&A looM»«4 witli a hypo iiijaatait aalvant
(aaat«M>. AlthMfH Uftla laat aath«« gav* pwrtial «#••••
it MR «at ba a«aapta4 «&til b«ttar dupliaatiea af raaalta
ia afcMt><<«
A»atl*r prablaa aaiitiaaa4 in Um rapart la tte
#»airabilitj of havlM «U iba aittsla vira mm* •' ^^
«a«a raalataiiaa* or vitbia a faa abMi, of tba #HMgr cac«*
tbaa aliainatiag tba aao af tba pataatiaaatar or a44itioaal
partiona af tba gaga aira obaald ba
abialgad fraa irafta ainaa ab4iga ta^parattira abaagoa aaka
a aatiaaablo affaat aa atraia raaitaiga baiag taJcaa fraa tba
^[••Baa.
•iaaa tba Qaga Faatar. aatiid for uaa aitb tbg
*X*.Baji» af tbio aiagla gaga aira aaa aabaiaa» it ba4 ta
ba gotarattta4« Tba Oac» faatar la a aoaatant for aaab tjpa
aa4 aiao af aira aa4 iai
^s»




f«r Um »ir« •OA«ttrB«d« tiM f#]ilo«i»c aMna «•« wiploy^*
A «M-.«lr« yyr —?»r»d sirAlB «•«• wm» Mid* vp «i a stsAl
rod 9k»9m l(Mkdi»t»str«iB tMrv* vas kawHi* f«ll«»ia« ilM
j»«ii«ni •! Uw •i«a4M*d ift««M« Uiid dpo^i*! mm mm •*«• »j
first t^viAc m pidM of ri«« p«|pdr td tikd rdd Mid Umm
•tr«t«hiiig • idAstk of tlMi vird i«n«i%ddiiially ewr tiM
f«f«r* ii«rd ftl»d «•• «pplidd Mid • tdp •pwr of ri«* pspdr
fXA«*d oTsr ail.
^Mi UM cued «ft« drjrt ite *X**l«s l*«d# mmrm
••Idtrod td th* i^p»ddd mmIs cad Um rdd wmm tiMi tdstdd la
tdnsiMi la d mdiUd r«atifid laciiixi*. rhr«« arbitrary Sagd
F*«tor Mttini^s vara aaad mi t]u*a« laattag maa (TabI* X>«
rraa tka plattad r«Miltt (rig* 14) » tUd dafd
Faatar af tiM vir« gacd aaddr t««t aaa dttaralaad by ad»»
parlag Um ^twrnm tast eiarv«« to tka iaada dtrain Mirva* Um
raiatlMMddp baiag a diraot prapartida.
m 1 ••#. « M| X 1.77 1.30
Ml t O.f . 3 750 X e.Od • I.B8
IlOO
IBS











•n ih* 9«i4inc of ^l*«ti* rl«t«»« JMir« A|»pl. Il»«b« , V«X«
!<• »•• <• Jim* Xf4£» ^. A«9»aT7.
t* B«r«li9 >• *«< lff««ts af ilMMT D«f*nMtiM la Um d^r* ^f
« flfti ^•oWAipilAr ifi»l<li PwMl. Apt. >•• 1563* F#r»si
IS€S, I»4S.
4« F«—r», «• J» t «n4 X#m», 0« ft. t *ff«oi» Af iShBtut
OaIa. OiunM foMlit Air«r»ft, tteMrt So. 7411 » J«lx 80 •
l»4r.
AcriMlter*. JuiM 194i«
T* «!••• J* A«i 9tr«l#» of SiroUii. J««r. Aoro, i^l«» Vol
7, «•• 10, !««• If40.
•• r$ppXg jt^t mk4 L* vrmskg^ and i&«Mlt* SM £4iiiMit A*
GldtBW«rg» Mnftili* Vol* i» 19t4»









SINGLE VfiRE STRAIN GAGES
GAGE READINGS (I'icro inches)
Gage # 1
BestLoad I RUn
3 h 'pal 1 ' 2 ' Ave rag (
0.00 0.0
0.25 5 2 3 U 3.5
0.50 20 li; 11 20 10.2
0.75 Uo 28 30 32 30.0
loOO 35 U3 U5 U2 U3.3





0.25 - was -
0.50 -20 broken -20,0
0.75 -UO -Uo.o
1.00 -50 -50.0

















SINGLE WIRE STRAIN GAGES
GAGE RKaDINGS (Iticro inches)
Gage # 3
Load i_ - Rvm Best i Corrected for
psi 1 I 2 ' 3 * ii ' 5 • Average • Gage Factor
0.00 O.C 0.0
0.25 2 12 1.7 2.6
0.50 3 6 6 6 5.2 7.9
0.75 5 8 7 6.7 10.2
1.00 13 11 12 lU 12.5 19.1
1.25 13 IQ 17 20 18-.5 23.2
Gafe jf 3^ (Reglued)
0.00 0.0 ' 0.0
0.25 26 20 2U 25 23.8 36.U
0.50 31 28 33 30 3C.5 U6.6
0.75 39 UO UO 39 39.5 60 .U
1.00 53 60 6ii 57 58.5 8QoU
1,25
,
80 80 80 8U 81.0 123.7
Gage # U
0*00 0.0 0.0
0.25 -^0 -27 Ax2 -33 -36 -37.6 -57 .U
0.50 -62 -56 -52 -50 - -55.0 -8U.o
0.75 -76 -90 -90 -73 -80 -«1.8 -125.0
1.00 -105 -100 -107 -105 - -lOli.2 -159 oO




SINGLE WIRE STRAIN GAO'-'IS













0.00 c CO 0.0
"






0.75 21 - 32.8
1.00 32 30 - 31.0 U7.U






o.?5 -5 -5.0 -7.6
0.50 -8 -8.0 -12.2
0.75 -10 -10.0 -15.3
1.00 -12 -12.0 -18.3




SINGLE ^'IRE STRAIN GAGES



































































0.50 -U8 -50 .-U8 -U8.5 -7I4.I
0.75 -62 -61 .-6? -61.7 -Q5.0
1.00 -78 -75 •-80 -72 -76.2 -llii.8
1 1.25 ; -79 -91 •-89 -81 -85.0 -130.0




SINGLK WIRE STRAIN GAGES






; 1 1 2
Run








-35 -13 -10 -13 -11 -11.7 -17.9
0.50
-li2 -18 -22 -13 -15 -23.2 -35.
U
0.75 -110 -112 -120 -115 - -115.7 -176.7
1.00
-107 -110 -110 -110 - -113.0
-17U.1
1.25




0.25 -8 -3 -7 -
-7.7 -11.8
0.50 C - o.c 0.0
0.75 11 16 17 18 17.0 26.0
1.00 35 35 36 - 35.3 53.^

































































GAGE READINGS (Micro inches)
Top Face
Strain Headings For Bach Loading Increra(»nt
Rosette * Gage •'
No. No. psi '
^
psi
'J psi •3Apsi • 1 psi • 1^ psi'
Tl -190
-3U0 -?30 -730 -090
T2 -100 -160 -2I4O -310
-U20
T3 Uo 60 120 160 210
TU -160 -270 -360
-U20 -U?o
T5 -2U0 -390 -550 -^0 -7UO




-U20 -5U0 -610 -660
T8 -280






Bl 260 310 3U0 320 280
B? 130 160 IRO IQO 100
B3 -60 -70 -50 -20 20
BU lUO 2Q0 liRO 650 %C
H5 2^0 U20 620 7UC =^^0
B6 230 3P0 560 6^0 82c
B7 220 li50 690 870 1050
B8 250 U6C 700 880 lOUO





PRTNCTFAI. STRAINS h STRKSS'^S






















0.50 -3i40.5 60. -3608 -596 2.85 cw
0.75 -^31.8 126.8 -5^30 -586 3.07 cw
1.00
-730.7 160.7 -7620 -933 1.61 cw
1.25 -9C0.7 210.7 -10,360
i -13hl4 1,13 cv.'





0.50 -511.0 -209.0 -o5io
-U230 3.29 cw





















-U50.5 39. 3U cw
0.75 -560.
B
-529.2 -829^ -8060 35.78 cw
1.00 -62?
.a -607.9 -9270 -9180 22,50 cw
1.25 j -670.0 j -650.0 , -9980 I -9830 ii5.00 cw
(1) Anple is mea3ur<»d clockwise, cw, or counterclockwise, ccw, from





pri>:cipai strains » stress 'S
ANGLE TO FRI>iGI?AL STRESS
Bottom Face









' Ani^le to '
<r max< 1)
0.00
0.25 -62.8 262.B 27Q 2722 5.3l"cw
0.50 -7a.
2
31U.2 3Uii 3255 5.^- cw
r.75
-5iiol 3U3.8 082 360O 5.00 cw
1.00 ! -21.6 321.6 9lil 3560 6.62 cv;
lo25 : lU.O 280=0 123c 3270 8.5^ cw
If U R03ette (120^')
e.oo
o.?5 13^.0 27i4.3 2?75 3503 U.Q5°cw
0.50 286.a UaC,3 U8U0 6000 8.80 cw
0.75 U72.2 b3\x.h 7650 8860 12.60 cw
1.00 037.1 712.9 9^00 106Q0 20. [i5 cw
1.25 811.3 182.0 12380 12900 20 .U6 cv/
# 6 Rosette (15°)
0.00
0.25 217 o6 262 .U 3ii33 3767 13.29°ccw
0.50 ' Uii9.2 U80,8 6850 7095 9.21 cw
0.75 669.2 700,8 10160 103^0 5U.22 ccw
1.00 ' 837o6 882 oU 12730 13070 53.20 ccw
1.25 10r7.6 1052.
U
15270 15620 76,71 ccw
B = 10' psi /U ^ 1/3
(1) Angle is measured clockwise, cw, or counterclockwise,
cc^, from the rifht side of a tangential axis passed














TENSION L0AT3 vs STRAIN





















































Balsa core 0.?3 in(91b/cu..ft
.
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singi.f; '^'ire strain gages
"Outer edge of panel
.
-Support.
—Center l^ne of outer gages,
/ *
1" *?'
> ,' —Center line of inner sets
S-^'^ \ '•«» of single wire gages.
(a) RADIAL PAN^L














f-e At support /
i ll4.62^" /^-H
( ) Rosette Kximbers
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( ) Rosette Numbers
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